ABSTRACT.--Species in the genus Piranga vary in degree of sexual dimorphism, plumage coloration, morphology, song, migratory patterns, and geographic distribution. To study these aspects of Piranga biology in an evolutionary context, I constructed a phylogeny for this genus using cytochrome-b sequence data. Parsimony and maximum-likelihood analyses of DNA data reveal three possible phylogenies for species in this genus. All three trees identify a clade containing P. rubriceps, P. leucoptera, and P. erythrocephala and a clade containing P. rubra, P. ludoviciana, P. olivacea, P. bidentata, and P. fiava. The trees differ in the placement of P. roseogularis. Morphology, song, and plumage data did not agree with these phylogenies. In three of these species (rubra, fiava, and oIivacea), several common carotenoids were responsible for red plumage (Hudon 1990). Piranga Iudoviciana was unique among the four species in that the only red pigment found was rhodox- 
The one species not found in Mexico or Central America during at least part of the year is P. rubriceps, which occurs solely in the Andes of Colombia, Ecuador, and Peru. Many authors have hypothesized that closely related species of North American birds (Rand 1948 , Mengel 1964 , Hubbard 1973 ) and closely related species of South American birds (Haffer 1985) diverged from each other as a result of isolation in refugia during Pleistocene glaciation. The biogeographic history of Piranga remains unexplored due to lack of knowledge about evolutionary relationships within this group.
Here, I use data from the cytochrome-b gene of the mitochondria to reconstruct the first phylogenetic hypothesis for the genus Piranga. I then use the phylogeny to assess how aspects of Piranga biology mentioned above have changed during the evolutionary history of the group. Although no single character defines the genus, two molecular studies confirm that Piranga is monophyletic with respect to other tanagers. A study of allozyme variation (McDonald 1988) showed that three morphologically similar species (rubra, olivacea, and ludoviciana) form a monophyletic group. Furthermore, a comprehensive cytochrome-b phylogeny of Thraupidae (Burns 1997) showed that two morphologically distinct species (olivacea and erythrocephala) form a clade with respect to the 48 other tanager genera sampled. Thus, an additional goal of this study is to further clarify the limits of this genus.
METHODS
Taxon sampling and outgroup choice.--I used individuals representing all nine species currently assigned to Piranga (Storer 1970) . For all species except P. rubriceps, more than one individual was used to reduce problems associated with using only a single exemplar per taxon (Table 1) After determining that third-position sites were saturated for transitions (see below), I performed an • Key for characters and character states: (1) juvenal plumage, 1 -streaked, 0 -unstreaked; (2) bill color, 1 -black, 2 = yellow; (3) male crown and throat, 1 -olive green, 2 -red; (4) male breast, 1 -yellow, 2 = red, 3 = buffy gray; (5) male wing and tail, 1 -black, 2 -reddish, 3 -green/yellow, 4 = brownish; (6) greater covert tips, 0 = same, 1 -white, 2 = yellow; (7) median covert tips, 0 -same, 1 -white, 2 = yellow; (8) tertial tips, 0 = same, 1 = white; (9) male back color, 1 -streaked black or red-brown, 2 -red, 3 -olive brown, 4 -black, 5 = yellowish/greenish; (10) male ear coverts, 1 -dusky red, 2 -red, additional analysis to correct for noise at third-position sites by giving third-position transitions a weight one-sixth of that given to other characters. This was accomplished using the stepmatrix option of PAUP to assign third-position transitions a weight of one, and third-position transversions a weight of six. All first-and second-position changes were assigned a weight of six. The ratio of 6:1 was obtained empirically by examining multiple sequences from each of two genera used in this study: Ramphocelus (Hackett 1996) Parsimony analysis of plumage data.--In addition to DNA sequence data, plumage characters (Table 2) were used to provide information about evolution within Piranga. Plumage characters were analyzed Of the 1,073 sites, 484 (45%) are variable. Levels of uncorrected sequence divergence are structured hierarchically (Fig. 1) . Spedfically, divergences between Pomatostomus temporalis and the tanager sequences range from 15.6 to 19.8%, divergences among tanager genera range from 9.6 to 13.3%, and divergence among species of Piranga range from 4.2 to 10.5%. For most species, levels of intraspecific sequence divergence are relatively low. For species other than Piranga tiara, levels of divergence within species range from 0.1 to 2.0%. Within P. tiara, there is a greater range of sequence divergence. The lowest level (0.7%) was observed between an individual from Mexico and one from the United States, whereas the highest level (6.1%) was observed between an individual from Mexico and one from Bolivia.
Base composition (adenine 27.4%, cytosine 34.3%, guanine 13.1%, thymine 25.2%) was similar to that observed in other spedes in the Thraupidae (Burns 1997) and that reported in other birds (Edwards et al. 1991 , Kornegay et al. 1993 , Hackett 1996 . Changes at third-position sites were more common than changes at second-and first-position sites (Fig. 2) . Among the Piranga sequences, transitions were approximately six times more common than transversions. Plots of Kimura distances versus uncorrected sequence divergence are linear and roughly fall along the line y = x for first-and second-position sites (Fig. 2) . For third-position sites, transitions are saturated relative to transversions (Fig. 2) .
Phylogenetics. suiting from a parsimony analysis in which all characters were given equal weight. The other tree resuiting from this analysis is identical except that P. Because of evidence of saturation at third-position sites (Fig. 2) , ! performed another parsimony analysis in which third-position transitions were given a weight one-sixth that of other types of changes. This transversion-weighted analysis resulted in a single most-parsimonious tree (3,219 steps, CI = 0.46, RI = 0.75; Fig. 4) that largely agrees with the equally weighted trees (one shown in Fig. 3 ). Two differences distinguish the transversion-weighted tree from the equally weighted tree. In the equally weighted tree, P. roseogularis is the most basal Piranga; however, in the transversion-weighted tree, P. roseogularis falls within Piranga as the sister taxon to the clade containing P. rubra, P. olivacea, P. fiava, P. bidentata, and P. ludoviciana. The two trees also differ in that the positions of P. rubra and P. olivacea are reversed. (Figs. 3, 4) . The monophyly of each species (except P. fiava) had a relatively high degree of support. In addition, the monophyly of Piranga was strongly supported, as was the highland clade containing P. erythrocephala, P. leucoptera, and P. rubriceps. Lower bootstrap values and smaller Bremer indices were found on branches indicating relationships among P. rubra, P. olivacea, P. fiava, and the clade containing P. bidentata and P. ludoviciana.
Levels of support of parsimony trees as measured by Bremer indices and bootstrap values varied among nodes
In all 10 random-addition replicates of the maximum-likelihood analysis, the same mostlikely tree was found (-In likelihood = 7,241.46). This tree was similar to the transversion-weighted parsimony tree (Fig. 4) and to results of the equally weighted analyses (Fig.   3) . The same two nodes in contention between the two different parsimony-weighting schemes also differed between the maximum-likelihood analysis and the parsimony analyses. Like the equally weighted trees, the maximum-likelihood tree placed P. roseogularis basal to all other Piranga. However, both the n•aximum-likelihood and transversion-weighted trees agreed in the position of P. rubra and P. olivacea. Other than the placement of these three taxa, the trees obtained from all analyses of this study showed complete agreement in their depiction of relationships among species.
Log-likelihood values of the equally weighted trees are similar to that of the maximumlikelihood tree (Table 3) Plumage.--In contrast to the DNA data, plumage data were much less successful in resolving relationships in Piranga. Analysis of plumage characters produced 12 most-parsimonious trees (35 steps, CI = 0.71, R! = 0.57), the strict consensus of which showed little resolution. Only two nodes were recovered by all plumage trees (the monophyly of erythrocephala and rubriceps, and of rubra and roseogularis). Neither of these nodes was found in any of the analyses of the DNA data. However, half of the 12 plumage trees show the highland clade (erythrocephala, rubriceps, and leucoptera) that was recovered in the DNA phylogenies.
Morphology.--Both the UPGMA phenogram and the neighbor-joining tree of the external morphological data (Table 4 ) resulted in the same topology (Fig. 5) . Species of Piranga are divided into three main groups. The smallbodied P. erythrocephala and P. leucoptera form a group; the more medium-sized P. roseogularis, P. ludoviciana, and P. olivacea form another cluster; and the larger P. bidentata, P. fiava, P. rubriceps, and P. rubra form yet a third group. The phenogram produced from morphological data does not share any nodes in common with the analyses of the cytochrome-b data.
Song.--None of the song characteristics described by Shy (1984c: table 2) shows similarities to the phylogeny of Piranga ( Levels of sequence divergence and phylogenetic relationships observed among P. fiava correspond well with the three subspecies groups of P. fiava. Sequence-divergence values between some individuals of P. fiava are much greater than those found within other species of Piranga (Fig. 1) . Levels of sequence divergence within P. fiava at 2.5% and below represent comparisons between representatives of the same subspecies group. Levels of sequence divergence at 3.8% and greater represent comparisons between representatives of different subspecies groups. Thus, levels of sequence divergence among subspecies groups of P. fiava are as great as levels of divergence observed among other species of Piranga (Fig. 1) . For example, an individual of P. fiava representing the hepatica group differs by 6.1% from an individual representing the fiava group. Individuals of P. ludoviciana and P. olivacea show, on average, a similar level of sequence divergence.
In all phylogenetic analyses in this study, members of the same subspecies group cluster together into monophyletic groups. These monophyletic groups show strong support both in terms of bootstrap values and Bremer indices. Thus, both levels of sequence divergence and the phylogeny of sequences are consistent with the idea that P. fiava as currently described contains more than one evolutionary unit. The different subspecies groups are monophyletic and diagnosably distinct based on plumage characters. The DNA data of this study add to the morphological, distributional, and ecological evidence that suggest that the three subspecies groups of P. fiava represent different phylogenetic, if not biological, species. One problem with using plumage characters in phylogenetic reconstruction is that sexual selection may cause rapid plumage divergence among taxa and obscure phylogenetic relationships. A more fundamental issue is that the complex mechanisms and multiple sources responsible for plumage color make the identification and coding of homologous characters difficult. Little is known about how the plumage colors and patterns that we see are produced. The color itself may be structurally based or may come from a variety of pigments, most notably melanins and carotenoids. Birds cannot produce carotenoid pigments on their own and must obtain them from their diets.
Birds can either deposit these pigments directly, or the pigment may be modified into another pigment prior to being deposited in the feathers.
The carotenoid pigments underlying plumage color (i.e. red, orange, and yellow) in four species of Piranga (fiava, rubra, olivacea, and ludoviciana) have been studied in detail (Brush 1967 , Hudon 1990 ). One conclusion of these studies is that colors that appear identical may come from completely different sources. For example, P. ludoviciana and P. olivacea have a red head that is indistinguishable to the human eye under natural, artificial, and near-ultraviolet illumination and also is indistinguishable using reflectance spectrophotometry (Hudon 1990 ). However, isolation of the carotenoid pigments responsible for the red coloration in these two species revealed that different carotenoid pigments are responsible for producing the identical head color (Hudon 1990 ). In olivacea, several common carotenoid pigments produce the red coloration. In contrast, the carotenoid responsible for the red coloration in P. ludoviciana is rhodoxanthin, which is deposited directly into the feathers in an unmodified form (Hudon 1990 Mapping the evolution of seasonal migration onto any of the DNA trees (e.g. Fig. 7) indicates that the most-parsimonious explanation for the evolution of this trait is that migration evolved once on the branch leading to the monophyletic group of P. rubra, P. olivacea, P. fiava, P. bidentata, 
